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Abstract 
This paper tests for the presence of a long UXQDV\PPHWULF2NXQ¶V/DZUHODWLRQVKLSEHWZHHQ
regional output and regional unemployment rate in U.K. regions. The existence of cointegration 
is tested with a panel data version of the hidden cointegration technique suggested by Granger 
and Yoon. A novelty of the paper is to combine the method of hidden cointegration with a panel 
data method of removing cross-sectional dependence. The long run Okun relationship for regions 
in the U.K. appears to confirm results found elsewhere in the literature on countries as a whole, 
although the coefficients tend to be smaller. 
.H\ZRUGV2NXQ¶V/DZhidden cointegration, panel cointegration, regional growth, regional 
unemployment 
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1. Introduction 
 
2NXQ¶V/DZSUHVXSSRVHVDPDFURHFRQRPLFFRUUHODWLRQEHWZHHQWKHOHYHORIHFRQRPLF
activity in the goods market and the performance on the labour market over the business cycle. It 
is often used as a benchmark for measuring the cost of unemployment increases (see for example 
Moosa 1997a) and recent papers show that SURIHVVLRQDOIRUHFDVWHUVGREHOLHYHLQ2NXQ¶V/DZ 
and that this belief held up during the last Great Recession (see Mitchell and Pearce 2010 for the 
case of the U.S. or Pierdzioch et al 2011 for the G7 countries). Moreover, the relationship 
between revisions in unemployment and real GDP forecasts is in line with the 2NXQ¶V/DZPDLQ
result as unemployment forecasts are revised down when GDP forecasts are revised up (Ball et 
al, 2014).  
While there seems to be consensus on the negative correlation between unemployment and 
GDP movements, the order of magnitude of this correlation varies substantially between 
different studies. More importantly for what follows in this paper, a number of recent empirical 
studies find that the 2NXQ¶V/DZcoefficient varies substantially across countries, over different 
time periods and over the phases of a business cycle, and does so in such a way that it seems 
plausible to model it as a non-linear, asymmetric relationship (see, for example, Altig et al. 1997, 
IMF 2010, Daly and Hobijn 2010, Crespo-Cuaresma 2003, Silvapulle et al. 2004). These authors 
argue that the 2NXQ¶V/DZcoefficient in varies according to recessions and expansions of the 
economy and that the effect of cyclical output on cyclical unemployment is significantly higher 
in case of a downturn in the economy. Lee (2000) finds an asymmetry threshold on the 
unemployment variable for various countries (e.g. Finland, Japan and the USA). Mayes and 
Viren (2002) show that rapid downturns in the economy have more than proportionate effects on 
unemployment, partly because of the mismatch between the relevant sectors and the regions 
ZKHUHWKHMREVDQGXQHPSOR\PHQWVKRZXS$QRWKHUH[SODQDWLRQIRUWKHDV\PPHWU\LQ2NXQ¶V
Law is given by Harris and Silverstone (2001), who emphasize the asymmetric responses among 
heterogeneous production sectors in terms of job creation and job destruction when faced with 
economic shocks.  
 The above mentioned observations question some basicVRI2NXQ¶V/DZLQSDUWLFXODULWV
linearity and its symmetry assumption. The limitations most highlighted in the literature are 
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fourfold: (i) the short-run analysis framework for linking output and unemployment gaps relative 
to their natural (equilibrium) level; these results are sensitive to the choice of the trend-cycle 
decomposition method and do not incorporate long-run feedback effects between goods and 
labour markets; (ii) the a priori assumed short-term exogeneity of unemployment and output in 
investigating the statistical  correlation between these two variables; (iii) the statistical restriction 
to aggregate (macroeconomic) variables, without any consideration of region-specific 
characteristics in both the product and the labour markets and how different markets behave over 
the business cycle; (iv) under conditions of hysteresis and related factors ± where fired workers 
tend to have re-employment difficulties after longer unemployment spells ± a drop in GDP may 
produce a higher rise in unemployment rates relative to a case when GDP increases. 
 The current economic recession has prompted a new debate on the association between 
GDP changes and unemployment, not only from a macroeconomic perspective, but also from a  
multi-regional perspective. A good illustration of this issue can be found in Europe where the 
unfavourable growth prospects are a reason for deep concern regarding the future employment 
situation both at the level of countries and regions. 7KHUHIRUHWKHUHOLDELOLW\RI2NXQ¶V
coefficients is not only of paramount importance for macroeconomic policy, but also for the 
regional distribution of unemployment rates in an open spatial system. Thus, a regional focus on 
2NXQ¶V/DZLVZDUUDQWHG,QDGGLWLRQHFRQRPLFJURZWKWHQGVWRH[KLELWPRUHfluctuations at a 
regional scale than at a national scale due to spatial interdependencies and lower economic 
diversity of regions. Furthermore, differences in regional economic structures ± for instance, 
labour-intensive regional economies dominated by the public sector versus capital-intensive or 
export-oriented regions ± may lead to different magnitudes of the 2NXQ¶V/DZ coefficient, so 
that economic fluctuations may have heterogeneous effects on regional (or local) tax bases and 
hence on public expenditures among heterogeneous regional economies within a national system 
(see also Machin and Van Reenen 1998, Moosa 1997b, Paldam 1987, Palley 1993).  
 In order to potentially uncover geographical structural differences in the responsiveness 
of labor markets to changes in output and to benefit from the larger variation in output and 
unemployment at the regional level, some authors have paid particular attention to regional 
DVSHFWVRI2NXQ¶V/DZVHHIRUH[DPSOH Freeman 2000, Christopoulos 2004, Adanu 2005, 
Villaverde and Maza 2007). Using regional data to estimate Okun's coefficient has the potential 
to uncover geographic differences in the responsiveness of labor markets to changes in output. 
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Furthermore, the greater variation in output and unemployment at the regional level may allow 
for more efficient parameter estimation.  
The present paper takes these arguments further and presents a new regional statistical 
DQDO\VLVLQVSLUHGE\2NXQ¶V/DZWKDWDOORZVIRUORQJ-run asymmetries between output and 
unemployment in a multiregional system within a hidden cointegration framework. This 
framework does not require an a priori assumption on the exogeneity of either of these variables 
nor any trend-cycle decomposition procedure. The paper will take the cross-sectional 
dependence into account (in particular, whether a certain type of Okun correlation in one region 
will affect the Okun relationship in other regions). The new Okun model will be applied to 128 
UK regions over the past 30 years. Our statistical 2NXQ¶V/DZmodel satisfies the following two 
conditions: (i) it should be able to represent and where applicable identify the existence of both 
linear and non-linear relationships between regional GDP and regional unemployment rates, and 
(ii) it should be able to takHLQWRFRQVLGHUDWLRQWKHH[WHQWWRZKLFK2NXQ¶VUHODWLRQVKLSGHSHQGV
RQWKHUHJLRQ¶VRZQFKDUDFWHULVWLFVDQGWKRVHRIRWKHUVFURVV-sectional or spatial dependence).  
For this objective we combine a hidden cointegration approach by Granger-Yoon (2002) to 
accommodate asymmetries with a panel data approach suggested by Pedroni (2004) to remove 
cross-sectional dependence.  
This paper proceeds as follows. Section 2 presents the model and the empirical strategy. 
Section 3 presents the data and Section 4 contains the empirical results of hidden cointegration 
tests. Section 5 concludes 
 
ALTERNATIVE INTRODUCTION  
2NXQ¶V/DZSUHVXSSRVHVDPDFURHFRQRPLFFRUUHODWLRQEHWZHHQWKHOHYHORIHFRQRPLF
activity in the goods market and the performance on the labour market over the business cycle. It 
is often used as a benchmark for measuring the cost of unemployment increases (see for example 
0RRVDDDQGUHFHQWSDSHUVVKRZWKDWSURIHVVLRQDOIRUHFDVWHUVGREHOLHYHLQ2NXQ¶V/DZ
and that this belief held up during the last Great Recession (see Mitchell and Pearce 2010 for the 
case of the U.S. or Pierdzioch et al 2011 for the G7 countries). Moreover, the relationship 
EHWZHHQUHYLVLRQVLQXQHPSOR\PHQWDQGUHDO*'3IRUHFDVWVLVLQOLQHZLWKWKH2NXQ¶V/DZPDLQ
result as unemployment forecasts are revised down when GDP forecasts are revised up (Ball et 
al, 2014).  
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MDQ\UHFHQWSDSHUVTXHVWLRQVRPHEDVLFVRI2NXQ¶V/DZDQGDQGWKHPRVWKLJKOLJKWHG
limitations in the literature are threefold. 
)LUVWWKHVWDQGDUG2NXQ¶V/DZLVRIWHQUHVWULFWHGWRDJJUHJDWHPDFURHFRQRPLFYDULDEOHV
However, the current economic recession has prompted a new debate on the association between 
GDP changes and unemployment, not only from a macroeconomic perspective, but also from a 
multi-regional perspective. A good illustration of this issue can be found in Europe where the 
unfavourable growth prospects are a reason for deep concern regarding the future employment 
situation both at the level of countries and regions. 7KHUHIRUHWKHUHOLDELOLW\RI2NXQ¶V
coefficients is not only of paramount importance for macroeconomic policy, but also for the 
regional distribution of unemployment rates in an open spatial system. Thus, a regional focus on 
2NXQ¶V/DZLVZDUUDQWHG,QDGGLWLRQHFRQRPLFJURZWKWHQGVWRH[KLELWPRUHIOXFWXDWLRQVDWD
regional scale than at a national scale due to spatial interdependencies and lower economic 
diversity of regions. Furthermore, differences in regional economic structures ± for instance, 
labour-intensive regional economies dominated by the public sector versus capital-intensive or 
export-oriented regions ± may lead to dLIIHUHQWPDJQLWXGHVRIWKH2NXQ¶V/DZFRHIILFLHQWVR
that economic fluctuations may have heterogeneous effects on regional (or local) tax bases and 
hence on public expenditures among heterogeneous regional economies within a national system 
(see also Machin and Van Reenen 1998, Moosa 1997b, Paldam 1987, Palley 1993). In order to 
potentially uncover geographical structural differences in the responsiveness of labor markets to 
changes in output and to benefit from the larger variation in output and unemployment at the 
UHJLRQDOOHYHOVRPHDXWKRUVKDYHSDLGSDUWLFXODUDWWHQWLRQWRUHJLRQDODVSHFWVRI2NXQ¶V/DZ
(see for example Freeman 2000, Christopoulos 2004, Adanu 2005, Villaverde and Maza 2007). 
Using regional data to estimate Okun's coefficient has the potential to uncover geographic 
differences in the responsiveness of labor markets to changes in output. Furthermore, the greater 
variation in output and unemployment at the regional level may allow for more efficient 
parameter estimation.  
 
Secondly, while there seems to be consensus on the negative correlation between 
XQHPSOR\PHQWDQG*'3PRYHPHQWVDQXPEHURIUHFHQWHPSLULFDOVWXGLHVILQGWKDWWKH2NXQ¶V
Law coefficient varies substantially over the phases of a business cycle, and does so in such a 
way that it seems plausible to model it as a non-linear, asymmetric relationship (see, for 
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example, Altig et al. 1997, IMF 2010, Daly and Hobijn 2010, Crespo-Cuaresma 2003, Silvapulle 
HWDO7KHVHDXWKRUVDUJXHWKDWWKH2NXQ¶V/DZFRHIILFLHQWLQYDULHVDFcording to 
recessions and expansions of the economy and that the effect of cyclical output on cyclical 
unemployment is significantly higher in case of a downturn in the economy. Lee (2000) finds an 
asymmetry threshold on the unemployment variable for various countries (e.g. Finland, Japan 
and the USA). Mayes and Viren (2002) show that rapid downturns in the economy have more 
than proportionate effects on unemployment, partly because of the mismatch between the 
relevant sectors and the regions where the jobs and unemployment show up. Another explanation 
IRUWKHDV\PPHWU\LQ2NXQ¶V/DZLVJLYHQE\+DUULVDQG6LOYHUVWRQHZKRHPSKDVL]HWKH
asymmetric responses among heterogeneous production sectors in terms of job creation and job 
destruction when faced with economic shocks.  
/DVWO\WKHWUDGLWLRQDO2NXQ¶V/DZXVHVDVKRUW-run economic framework linking the 
transitory components of output and unemployment. However, under conditions of hysteresis 
and related factors ± where fired workers tend to have re-employment difficulties after longer 
unemployment spells ± a drop in GDP may produce a higher rise in unemployment rates relative 
to a case when GDP increases. Moreover, Sinclair (2009), finds a negative and significant 
correlation between the permanent innovations of real GDP and the unemployment rate with 
U.S. data. This suggests that real output and unemployment might also be linked through their 
permanent component, thus exhibiting a negative correlation in the long run.  
 
The aim of this paper is to propose a re-examination of the unemployment rate - real output 
relationship with an empirical framework which avoids the three previously mentioned 
limitations. More precisely, the present paper takes these arguments further and presents a new 
regional statisWLFDODQDO\VLVLQVSLUHGE\2NXQ¶V/DZWKDWDOORZVIRUORQJ-run asymmetries 
between output and unemployment in a multiregional system within a hidden cointegration 
framework. This framework does not require an a priori assumption on the exogeneity of either 
of these variables nor any trend-cycle decomposition procedure. The paper will take the cross-
sectional dependence into account (in particular, whether a certain type of Okun correlation in 
one region will affect the Okun relationship in other regions). The new Okun model will be 
DSSOLHGWR8.UHJLRQVRYHUWKHSDVW\HDUV2XUVWDWLVWLFDO2NXQ¶V/DZPRGHOVDWLVILHVWKH
following two conditions: (i) it should be able to represent and where applicable identify the 
existence of both linear and non-linear relationships between regional GDP and regional 
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unemployment rates, and (ii) it should be able to take into consideration the extent to which 
2NXQ¶VUHODWLRQVKLSGHSHQGVRQWKHUHJLRQ¶VRZQFKDUDFWHULVWLFVDQGWKRVHRIRWKHUVFURVV-
sectional or spatial dependence).  
For this objective we combine a hidden cointegration approach by Granger-Yoon (2002) to 
accommodate asymmetries with a panel data approach suggested by Pedroni (2004) to remove 
cross-sectional dependence.  
This paper proceeds as follows. Section 2 presents the model ad the empirical strategy. 
Section 3 presents the data and Section 4 contains the empirical results of hidden ointegration 
tests. Section 5 concludes 
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2 Hidden cointegration with panel data and testing procedure 
 
2.1. Hidden cointegration with panel data 
To model a long-run version of the 2NXQ¶V/DZ, we first suppose that unemployment (ܷ) and 
the log of real GDP (ܻ) are two random walk time series described as:  
 ௥ܷǡ௧ ൌ ௥ܷǡ௧ିଵ ൅ ݑ௥ǡ௧ ൌ ௥ܷǡ଴ ൅  ? ݑ௥ǡ௜௧௜ୀଵ    ݎ ൌ  ?ǡ ڮ  ܰ; ݐ ൌ  ?ǡ ڮ  ܶ    (1a) ௥ܻǡ௧ ൌ ௥ܻǡ௧ିଵ ൅ ݕ௥ǡ௧ ൌ ௥ܻǡ଴ ൅  ? ݕ௥ǡ௜௧௜ୀଵ   ݎ ൌ  ?ǡ ڮ  ܰ; ݐ ൌ  ?ǡ ڮ  ܶ  (1b) 
 
where ݑ௥ǡ௧ and ݕ௥ǡ௧ are both white noise terms with zero means and the subscripts  ݎ and ݐ signify 
region and time. According to Engle and Granger (1987) ܷ  and ܻ are linearly cointegrated if 
there exist ߚ such that ൛ ௥ܷǡ௧ െ ߚ ௥ܻǡ௧ൟ ?ܫሺ ?ሻ. If it appears that the variables are not linearly 
cointegrated, there still might be nonlinear cointegration if there exists ߚ such that 
 ൛݂൫ ௥ܷǡ௧൯ െ ߚ݃൫ ௥ܻǡ௧൯ൟ ?ܫሺ ?ሻ    (2) 
where ݂ሺȉሻ and݃ሺȉሻ are given nonlinear functions. As suggested by Granger and Yoon (2002), 
hidden cointegration is a special case of nonlinear cointegration where the functions ݂ሺȉሻ 
and݃ሺȉሻ can be represented as follows.  
Let ݑ௥ǡ௧ା ൌ ݉ܽݔ൫ݑ௥ǡ௧ ǡ ݀௎൯, ݑ௥ǡ௧ି ൌ ݉݅݊൫ݑ௥ǡ௧ ǡ ݀௎൯, ݕ௥ǡ௧ା ൌ ݉ܽݔ൫ݕ௥ǡ௧ ǡ ݀௒൯ , and ݕ௥ǡ௧ି ൌ ݉݅݊൫ݕ௥ǡ௧ ǡ ݀௒൯ 
where ݀ is an a priori given threshold value. As ݑ௥ǡ௧ is the variation of unemployment rate 
between period ݐ and period ሺݐ െ  ?ሻ, ݑ௥ǡ௧ା  equals ൫ ௥ܷǡ௧ െ ௥ܷǡ௧ିଵ൯ if ௥ܷǡ௧ െ ௥ܷǡ௧ିଵ ൐ ݀ and ݑ௥ǡ௧ା  
equals d if ௥ܷǡ௧ െ ௥ܷǡ௧ିଵ ൑ ݀௎.   On the other hand, ݑ௥ǡ௧ି  equals ൫ ௥ܷǡ௧ െ ௥ܷǡ௧ିଵ൯ if ௥ܷǡ௧ െ ௥ܷǡ௧ିଵ ൏݀௎ and ݑ௥ǡ௧ି  equals d if ௥ܷǡ௧ െ ௥ܷǡ௧ିଵ ൒ ݀௎. The same holds for ݕ௥ǡ௧ (note that we thus have ݑ௥ǡ௧ ൌ ݑ௥ǡ௧ା ൅ ݑ௥ǡ௧ି െ ݀௎ and ݕ௥ǡ௧ ൌ ݕ௥ǡ௧ା ൅ ݕ௥ǡ௧ି െ ݀௒).  
In the simple case of a zero threshold (݀௎ ൌ ݀௒ ൌ  ?), ݑ௥ǡ௧ା  and ݑ௥ǡ௧ି  (ݕ௥ǡ௧ା  and ݕ௥ǡ௧ି, respectively) 
can be interpreted as positive shocks (negative shocks, respectively) on unemployment (real 
GDP, respectively). 
Equations (1a) and (1b) can thus be rewritten as:  ௥ܷǡ௧ ൌ ௥ܷǡ଴ ൅  ? ݑ௥ǡ௜ା௧௜ୀଵ ൅  ? ݑ௥ǡ௜ି௧௜ୀଵ െ ݀௎ݐ ൌ ௥ܷǡ଴ ൅ ௥ܷǡ௧ା ൅ ௥ܷǡ௧ି െ ݀௎ݐ   (3a) ௥ܻǡ௧ ൌ ௥ܻǡ଴ ൅  ? ݕ௥ǡ௜ା௧௜ୀଵ ൅  ? ݕ௥ǡ௜ି௧௜ୀଵ െ ݀௒ݐ ൌ ௥ܻǡ଴ ൅ ௥ܻǡ௧ା ൅ ௥ܻǡ௧ି െ ݀௒ݐ
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with the simplified notations: ௥ܷǡ௧ା ൌ  ? ݑ௥ǡ௜ା௧௜ୀଵ , ௥ܷǡ௧ି ൌ  ? ݑ௥ǡ௜ି௧௜ୀଵ , ௥ܻǡ௧ା ൌ  ? ݕ௥ǡ௜ା௧௜ୀଵ , and ௥ܻǡ௧ି ൌ ? ݕ௥ǡ௜ି௧௜ୀଵ . In the limiting case ݀௎ ൌ ݀௒ ൌ  ?,  ௥ܷǡ௧ା  and ௥ܻǡ௧ା  are simply the cumulative sums of 
positive shocks in period ݐ, while the negative counterparts are the cumulative sums of negative 
shocks on ܷ and ܻ, respectively (in this case, we also have  ? ௥ܷǡ௧ା ൌ ݑ௥ǡ௧ା ,  ? ௥ܷǡ௧ି ൌ ݑ௥ǡ௧ି ,  ? ௥ܻǡ௧ା ൌݕ௥ǡ௧ା , and  ? ௥ܻǡ௧ି ൌ ݕ௥ǡ௧ି). 
 
Assuming that ௥ܷǡ௧ା  , ௥ܷǡ௧ି , ௥ܻǡ௧ା , and ௥ܻǡ௧ି are all I(1), Granger and Yoon (2002) define ܷ  and ܻ to 
have hidden cointegration if their components are cointegrated, i.e. hidden cointegration involves 
cointegration for at least one of the four pairs of variables ൛ ௥ܷǡ௧ା ǡ ௥ܻǡ௧ା ൟ , ൛ ௥ܷǡ௧ା ǡ ௥ܻǡ௧ିൟ , ൛ ௥ܷǡ௧ି ǡ ௥ܻǡ௧ା ൟ, 
and ൛ ௥ܷǡ௧ି ǡ ௥ܻǡ௧ିൟ . Hidden cointegration is thus a special form of the non linear cointegration 
model presented in equation (2) with  ݂൫ ௥ܷǡ௧൯ ൌ ௥ܷǡ௧ା  or ௥ܷǡ௧ି and ݃൫ ௥ܻǡ௧൯ ൌ ௥ܻǡ௧ା  or ௥ܻǡ௧ି 
 
2.2. Estimation and Testing procedure 
Two alternative procedures are used to determine the threshold variable ݀ which is used to 
calculate the positive and negative shocks on unemployment and GDP. The first procedure 
simply assumes that the threshold can be a priori fixed to zero so that ݀ ൌ  ?.  In this case, ௥ܷǡ௧ା  
and ௥ܷǡ௧ି can be interpreted as the cumulated sums of positive and negative shocks on the 
unemployment rate while  ௥ܻǡ௧ା , and ௥ܻǡ௧ି are the cumulated shocks on the (log of) real GDP. While 
this procedure may seem ad hoc, it permits a first set of estimations which are easily and 
naturally interpretable. The second procedure for threshold selection is taken from Granger and 
Yoon (2002) and selects a pair of values for ݀,݀௎ and ݀௒, which maximises the sum of the 
correlations between ൛ ௥ܷǡ௧ା ǡ ௥ܻǡ௧ିൟ and ൛ ௥ܷǡ௧ି ǡ ௥ܻǡ௧ା ൟ, when ݑ௥ǡ௧ା ൌ ݉ܽݔ൫ݑ௥ǡ௧ ǡ ݀௎൯, ݑ௥ǡ௧ି ൌ ݉݅݊൫ݑ௥ǡ௧ ǡ ݀௎൯, ݕ௥ǡ௧ା ൌ ݉ܽݔ൫ݕ௥ǡ௧ ǡ ݀௒൯ , and ݕ௥ǡ௧ି ൌ ݉݅݊൫ݕ௥ǡ௧ ǡ ݀௒൯.  
 
Moreover, tests for hidden cointegration and hidden cointegration vector estimation are 
performed with two alternative data series for regional unemployment and GDP. The first set of 
data series includes the raw values of the regional unemployment rate and regional GDP. The 
VHFRQGVHWRIVHULHVLVDLPHGDWWDNLQJLQWRDFFRXQWWKHIDFWWKDWDVWKH2NXQ¶V/DZUHODWLRQVKLSLQ
an open regional economy may easily be affected by developments in other regional economies, 
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some non-reliability may emerge from cross-sectional dependence when using the raw series. To 
do this, the across region average of  ? ௥ܷǡ௧ ( ? ௥ܻǡ௧, respectively) at time ݐ is denoted  ?ܷതതതതȉǡ௧ ( ?ܻതതതതȉǡ௧, 
respectively) and is subtracted from  ? ௥ܷǡ௧  ( ? ௥ܻǡ௧, respectively) for each period ݐ and for each 
region ݎ. In this case, note that ݑ௥ǡ௧ା ൌ ݉ܽݔ൫ ? ௥ܷǡ௧ െ  ?ܷതതതതȉǡ௧ ǡ  ?൯, ݑ௥ǡ௧ି ൌ ݉݅݊൫ ? ௥ܷǡ௧ െ  ?ܷതതതതȉǡ௧ ǡ  ?൯, ݕ௥ǡ௧ା ൌ ݉ܽݔ൫ ? ௥ܻǡ௧ െ  ?ܻതതതതȉǡ௧ ǡ  ?൯, ݕ௥ǡ௧ି ൌ ݉݅݊൫ ? ௥ܻǡ௧ െ  ?ܻതതതതȉǡ௧ ǡ  ?൯ with a zero threshold and ݑ௥ǡ௧ା ൌ݉ܽݔ൫ ? ௥ܷǡ௧ െ  ?ܷതതതതȉǡ௧ǡ ݀௎൯, ݑ௥ǡ௧ି ൌ ݉݅݊൫ ? ௥ܷǡ௧ െ  ?ܷതതതതȉǡ௧ ǡ ݀௎൯, ݕ௥ǡ௧ା ൌ ݉ܽݔ൫ ? ௥ܻǡ௧ െ  ?ܻതതതതȉǡ௧ǡ ݀௒൯ and ݕ௥ǡ௧ି ൌ ݉݅݊൫ ? ௥ܻǡ௧ െ  ?ܻതതതതȉǡ௧ ǡ ݀௒൯ with non-zero thresholds.  
 
The existence of hidden cointegration is tested with the residual-based test, based on Pedroni 
(2004). For example, if we retain the hypothesis that there is a long-run relationship between ௥ܷǡ௧ା  
and ௥ܻǡ௧ି, we first compute the residuals ߝ௥ǡ௧ in the following OLS regression:  
 ௥ܷǡ௧ା ൌ ߙ௥ ൅ ߚ௥ ௥ܻǡ௧ି ൅ ߝ௥ǡ௧     ݐ ൌ  ?ǡ ڮ ܶǢ ݎ ൌ  ?ǡ ڮ ǡ  ܰ(4) 
 
This regression is estimated for each cross-section so that both the slope parameter ߚ௥ and the 
intercept ߙ௥ can vary across each cross-section. The estimated residuals ߝ௥ǡ௧ෞ  from the 
cointegration regression are then used to test for cointegration: the null of no cointegration is 
retained if the residual ߝ௥ǡ௧ෞ  is I(1).  
 
More precisely, Pedroni develops four panel statistics and three group panel statistics to test the 
null of no cointegration against the alternative hypothesis of cointegration. However, recent 
simulation studies (see for example Wagner and Hlouskova, 2010) show that the two tests of 
Pedroni that apply the ADF principle are best performers in the class of single equation panel 
cointegration tests. All other tests have very low power in many circumstances (and virtually 
QRQHIRU7DQGDUHSDUWO\VHYHUHO\XQGHUVL]HG7KHVHWZRWHVWVDUHDOVo the ones least 
affected by the presence of an I(2) component or short-run cross-sectional dependence. 
Moreover, these two tests of Pedroni are the first choice in situations where the null hypothesis 
of no cointegration is of particular relevance or importance. Thus, in our study, we use the 
within-dimension based statistic µ3anel-adf¶ and the between-dimension-based statistic 
µ*roup-adf¶ which are panel versions of the Augmented Dickey-Fuller statistic performed on 
the model:   
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 ߝ௥ǡ௧ෞ ൌ ߩ௥ߝ௥ǡ௧ିଵෟ ൅ ߱௥ǡ௧  
 
It is important to note that while the null hypothesis of no cointegration for the panel 
congregation tests is the same for each statistic (ܪ ? ׷  ߩ௥ ൌ  ? for all ݎ), the alternative hypothesis 
for the between-dimension-based and within-dimension-based panel cointegration test differs. 
The alternative hypothesis for the between-dimension-based statistic (Group-adf) is ܪ ? ׷ ߩ௥ ൏  ? 
for all ݎ and a common value ߩ௥ ൌ ߩ for all ݎ is not required. In the case of the within-
dimension-based statistic (Panel-adf), the adequate alternative hypothesis is ܪ ? ׷  ߩ௥ ൌ ߩ ൏  ? for 
all ݎ with a common value for ߩ௥ ൌ ߩ.  
 
Finally, four hidden cointegration cases can appear : i)  neither ൛ ௥ܷǡ௧ା ǡ ௥ܻǡ௧ିൟ nor ൛ ௥ܷǡ௧ି ǡ ௥ܻǡ௧ା ൟ are 
cointegrated so that ௥ܻǡ௧ and ௥ܷǡ௧ are not cointegrated, ii) either ൛ ௥ܷǡ௧ା ǡ ௥ܻǡ௧ିൟ or ൛ ௥ܷǡ௧ି ǡ ௥ܻǡ௧ା ൟ so that ௥ܻǡ௧ and ௥ܷǡ௧ may have common opposite shocks but they are still not cointegrated, iii)  both  ൛ ௥ܷǡ௧ା ǡ ௥ܻǡ௧ିൟ and ൛ ௥ܷǡ௧ି ǡ ௥ܻǡ௧ା ൟ are cointegrated but with different cointegration vectors so that ௥ܻǡ௧ and ௥ܷǡ௧ are not cointegrated, iv)   both  ൛ ௥ܷǡ௧ା ǡ ௥ܻǡ௧ିൟ and ൛ ௥ܷǡ௧ି ǡ ௥ܻǡ௧ା ൟ are cointegrated  so that there is 
only one common shocks and ௥ܻǡ௧ and ௥ܷǡ௧ are cointegrated. 
 
 
3  Database unit root properties 
The previous analysis framework has been used to test for and analyse the existence and 
relevance of possible long run 2NXQ¶V/DZrelationships between unemployment and real GDP 
for the 128 regions in the UK. Our data base comprises annual time series on GDP (value added) 
and unemployment rates during the period 1983-2009. The unemployment rate is in percent and 
the GDP variable is log transformed then multiplied by 100 (so that GDP growth rates are also in 
percentage units). 
 
We implement two panel unit root tests to the positive and negative series computed in order to 
analyse the presence of hidden cointegration relationships: the Levin-Lin-Chu (2002) test and the 
Im-Pesaran-Shin (2003) test. The main statistical properties of these tests are now well known: 
the Levin-Lin-Chu and Im-Pesaran-Shin tests retain the null of unit-root but the Im-Pesaran-Shin 
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test relaxes the restrictive assumption of Levin-Lin-Chu that the root must be the same for all 
series under the alternative hypothesis. Both tests are performed without and with common time 
effects subtracted out (the latter in order to mitigate the effects of cross-sectional correlation 
among UK regions). Empirical results of the unit root tests are presented in Table 1.  
 
Table 1 Panel unit root test results 
 Without common time 
effects subtracted out 
 With common time 
effects subtracted out 
 Levin-Lin-Chu* 
 
Im-Pesaran-Shin* 
 
 Levin-Lin-Chu* 
 
Im-Pesaran-Shin* 
 
 With 
trend 
No 
trend 
With 
trend 
No 
trend 
 With 
trend 
No 
trend 
With 
trend 
No trend 
௥ܷǡ௧ 6.87 -1.43 12.71 -3.01  7.96 7.03 13.25 7.03 ௥ܻǡ௧ 5.25 5.87 8.01 5.31  4.92 7.56 7.67 6.21 
*panel statistics are weighted by long-run variances and are distributed N(0;1) under the 
null of unit root 
 
According to the panel unit test results, all but one of the variables are integrated of order one. 
Only unemployment rate is tested to be stationary processes at the 5% level with the Im-Pesaran-
Shin test when the unit-root equation is estimated without subtracting-out common time effects. 
Once the effects of cross-sectional correlation are taken into account, all variables clearly appear 
as integrated of order one.  
 
In order to apply the hidden cointegration procedure, we begin by calculating first differences for 
both ௥ܷǡ௧ and ௥ܻǡ௧. First difference values are then partitioned into positive and negative 
variations so as to finally calculate the cumulative sums ௥ܷǡ௧ା , ௥ܷǡ௧ି, ௥ܻǡ௧ା , and ௥ܻǡ௧ି according to 
equations 3a and 3b. For consistency with macroeconomic interpretability of the Okun¶s Law 
model, we assume that neither ( ௥ܷǡ௧ା  and ௥ܻǡ௧ା ) nor ( ௥ܷǡ௧ି and ௥ܻǡ௧ି)  can exhibit interpretable 
cointegration relationships. We thus concentrate on testing for the presence of a long-run 
relationship between components ( ௥ܷǡ௧ି and ௥ܻǡ௧ା ) and components ( ௥ܷǡ௧ା  and ௥ܻǡ௧ି). 
 
Figure 1 shows the positive and negative components of unemployment and GDP for both non 
demeaned and demeaned data. In order to avoid selecting a specific region, the graphs in Figure 
1 correspond to the averages over the regions of the cumulative sums ௥ܷǡ௧ା , ௥ܷǡ௧ି, ௥ܻǡ௧ା , and ௥ܻǡ௧ି.  
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Figure 1: Cumulated sums of positive and negative components of GDP and Unemployment 
 
The cumulative positive components are growing while the cumulative negative components are 
declining continuously. While these plots only correspond to across regions average values of 
cumulative sums ௥ܷǡ௧ା , ௥ܷǡ௧ି, ௥ܻǡ௧ା , and ௥ܻǡ௧ି, the time patterns appear to demonstrate reasonably 
plausible behaviours both with non-demeaned and demeaned data. Moreover, it is important to 
notice that the sudden breaks appearing in the ௥ܻǡ௧ି and ௥ܷǡ௧ା   components at periods 1990 and 
2008 with non-demeaned variables have completely disappeared in the graphs with demeaned 
data.  
 
Roger:  I have added the sentence highlighted in blue 
Christophe: What it is about these charts that suggests that the time patterns exhibit plausible 
behaviours? Presumably each series is monotonic? Is there anything else in terms of patterns 
here? (I guess what I am asking is whether Figure 1 contains any useful information at all?) 
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4.  Hidden cointegration tests  
4.1 Hidden cointegration tests with a zero threshold 
 
Empirical results of hidden cointegration tests performed with the Pedroni-testing procedure and 
with the a priori assumption of a zero threshold (i.e. ݀ ൌ  ? in equations 3a and 3b) are presented 
in Table 2. For both Panel-adf and Group-adf tests, a general to specific method is used to 
determine the finally retained number of augmenting lags in adf regression (starting from a 
maximal lag order of two and the significance level to keep a lag in the adf regression is fixed at 
10%). 
 
Table 2: Hidden cointegration tests with a zero threshold (݀ ൌ  ?) 
 Without common time 
effects subtracted out 
With common time 
effects subtracted out 
 Panel adf
(a)
 Group adf
(a)
 Panel adf
(a)
 Group adf
(a)
 
Variables     ሺܷǢ ܻሻ -1.33 2.02 -0.14 2.37 
    
Non demeaned variables    ൫ ௥ܷǡ௧ା Ǣ ௥ܻǡ௧ି൯ -1.19 0.87 0.63 2.40 ൫ ௥ܷǡ௧ିǢ ௥ܻǡ௧ା ൯ -1.29 0.56 -2.94** -2.81** 
    
Demeaned variables    ൫ ௥ܷǡ௧ା Ǣ ௥ܻǡ௧ି൯ -3.26** -2.11** -5.24** -5.66 ** ൫ ௥ܷǡ௧ିǢ ௥ܻǡ௧ା ൯ -4.12** -3.38** -3.85** -4.21** 
(a)
:  reported values are distributed N(0,1) under null of no cointegration 
* (**) : significant at the 10% (5%) confidence level. 
 
Table 2 shows the null of no cointegration between unemployment and real GDP is never 
rejected by the data at the traditional 5% confidence level. Next, while hidden cointegration 
between ௥ܷǡ௧ି and ௥ܻǡ௧ା  is not rejected by the data with both non-demeaned and demeaned, hidden 
cointegration between ௥ܷǡ௧ା  and ௥ܻǡ௧ି is only significant with demeaned data. Increasing output and 
decreasing unemployment rate thus seem to share a common stochastic trend in UK regions. 
However only regional output decreases larger than across regions average output decreases 
share a common stochastic trend with regional unemployment after increases larger than across 
regions average unemployment increases. This may be due to the fact that in case of moderate 
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negative regional output shocks, regional policies may temporarily mitigate the induced impact 
of the shock on the rise in local unemployment rate. However, in case of large negative output 
shocks, there is a systematic impact on regional unemployment. The presence of a nonlinear and 
asymmetric long-run relationship is consistent with Altissimo and Violate (2001) who also find a 
non-linear cointegration relationship between unemployment and GDP but with national data for 
the U.S.  
 
We next investigate the presence of hidden cointegration by relaxing the a priori assumption of a 
zero threshold. In order to do so, we select the upper and lower threshold values that maximizes 
the sum of correlations between  ൛ ௥ܷǡ௧ା ǡ ௥ܻǡ௧ିൟ and ൛ ௥ܷǡ௧ି ǡ ௥ܻǡ௧ା ൟ. The retained procedure for threshold 
selection involves the following steps. We first calculate the 0% and 90% fractals of  ? ௥ܷǡ௧ and  ? ௥ܻǡ௧ for each region considered separately (ܨ ? ?ܷ ௥, ܨ ? ?ܷ ௥, ܨ ? ?ܻ௥, ܨ ? ?ܻ௥). We then calculate 
the average of these fractals across regions (ܨ ? ?ܷതതതതതതത  , ܨ ? ?ܷതതതതതതത, ܨ ? ?ܻതതതതതതത, and ܨ ? ?ܻതതതതതതത). We finally select 
a threshold for unemployment from ݀௎ א ሾܨ ? ?ܷതതതതതതതǡ ܨ ? ?ܷതതതതതതതሿ with an increment of 0.01 and a 
threshold for real GDP from ݀௒ א ሾܨ ? ?ܻതതതതതതതǡ ܨ ? ?ܻതതതതതതതሿ with an increment of 0.01. The threshold 
selection is performed with both non demeaned and demeaned data. The empirical results of the 
hidden cointegration tests performed with non-zero thresholds are summarized in Table 3.  
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 Table 3 : Hidden cointegration tests with non-zero threshold  
 Without common time 
effects subtracted out 
With common time 
effects subtracted out 
 Panel adf
(a)
 Group adf
(a)
 Panel adf
(a)
 Group adf
(a)
 
Non demeaned variables    ሺܨ ? ?ܷതതതതതതതǢ ܨ ? ?ܷതതതതതതതሻ ൌ ሺെ ?Ǥ ? ? ?Ǣ  ?Ǥ ? ? ?ሻ,  ሺܨ ? ?ܻതതതതതതതǢܨ ? ?ܻതതതതതതതሻ ൌ ሺെ ?Ǥ ? ? ?Ǣ  ?Ǥ ? ? ?ሻ ሺ݀௎Ǣ ݀௒ሻ ൌ ሺ ?Ǥ ? ? ?Ǣെ ?Ǥ ? ? ?ሻ, ሺܰ ?௎வௗೆ Ǣ ?௒ழௗೊሻ ൌ  ? ? ?, ሺܰ ?௎ழௗೆ Ǣ ?௒வௗೊሻ ൌ  ? ? ? ? 
     ൫ ௥ܷǡ௧ା Ǣ ௥ܻǡ௧ି൯ 0.04 2.82 1.85 4.57 ൫ ௥ܷǡ௧ିǢ ௥ܻǡ௧ା ൯ -8.74** -9.15** -5.63** -4.84** 
    
Demeaned variables    ሺܨ ? ?ܷതതതതതതതǢ ܨ ? ?ܷതതതതതതതሻ ൌ ሺെ ?Ǥ ? ? ?Ǣ  ?Ǥ ? ? ?ሻ,  ሺܨ ? ?ܻതതതതതതതǢܨ ? ?ܻതതതതതതതሻ ൌ ሺെ ?Ǥ ? ? ?Ǣ  ?Ǥ ? ? ?ሻ ሺ݀௎Ǣ ݀௒ሻ ൌ ሺ ?Ǥ ? ? ?Ǣെ ?Ǥ ? ? ?ሻ, ሺܰ ?௎வௗೆ Ǣ ?௒ழௗೊሻ ൌ  ? ? ?, ሺܰ ?௎ழௗೆ Ǣ ?௒வௗೊሻ ൌ  ? ? ? ? 
     ൫ ௥ܷǡ௧ା Ǣ ௥ܻǡ௧ି൯ -3.08** -1.52* -5.31** -5.81** ൫ ௥ܷǡ௧ିǢ ௥ܻǡ௧ା ൯ -3.22** -4.11** -3.86** -4.80** 
(a)  Reported values are distributed N(0,1) under null of no cointegration 
* (**)  Denotes significant at the 10% (5%) confidence level. 
Legends: ሺܰ ?௎வௗೆ Ǣ ?௒ழௗೊሻ : number of points such that  ? ௥ܷǡ௧ ൐ ݀௎ and  ? ௥ܻǡ௧ ൏ ݀௒ , ሺܰ ?௎ழௗೆ Ǣ ?௒வௗೊሻ : number of 
points such that  ? ௥ܷǡ௧ ൏ ݀௎ and  ? ௥ܻǡ௧ ൐ ݀௒ 
 
The selected thresholds are systematically lower in absolute value with demeaned variables since 
across regions averages are systematically subtracted from the regional data. With non-demeaned 
variables, we retain a threshold  ݀௎ ൌ  ?Ǥ ? ? ?  for the first difference of the unemployment and a 
threshold ݀௒ ൌ െ ?Ǥ ? ? ? for the growth rate of output with a sum of correlations of -1.55. The 
number of points such that these thresholds are binding is 156 for recession periods and 2724 for 
expansion periods (so that it globally represents 82% of the sample). When using demeaned 
variables, the selected threshold decrease to ݀௎ ൌ  ?Ǥ ? ? ?  for the unemployment rate variation 
and ݀௒ ൌ െ ?Ǥ ? ? ? for the first difference of the log of real GDP (sum of correlations: -1.05). 
Moreover, in this case, these threshold are binding during 581 recession periods and 1238 
expansion periods, i.e., nearly 55% of the full sample).  
 
With non-demeaned variables, hidden cointegration is non-rejected by the data at the 5% 
confidence level only for expansion periods, i.e. for the relationship between decreases in the 
unemployment rate and real output increases. In contrast, when the Pedroni test is computed for 
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variables that have been de-meaned from the average growth rates, both the Panel-adf and the 
Group-adf test statistics are well beyond the limit of -2.0. The hidden cointegration thus appears 
to be significant at the 5% confidence level) for both ൫ ௥ܷǡ௧ା Ǣ ௥ܻǡ௧ି൯ and ൫ ௥ܷǡ௧ିǢ ௥ܻǡ௧ା ൯. Moreover, 
empirical results are unchanged when the Panel-adf and the Group-adf tests are performed with 
or without common time effects subtracted out.  
 
Taken as a whole, panel cointegration performed with zero or non-zero thresholds, yield mixed 
results with non-demeaned variables. However, hidden cointegration is never rejected when 
performed with demeaned variables. The estimation of the hidden cointegration vectors between 
the negative and positive component of unemployment and GDP is thus now performed by 
focusing only on the case of demeaned variables.    
 
As the OLS estimator is a biased and inconsistent estimator when applied to cointegrated panels, 
the long-run coefficient ߚ in equations such as (4) is estimated with both the between dimension 
FMOLS and the DOLS approach suggested by Pedroni (2000). These estimators control for the 
likely endogeneity of the regressors and serial correlation in order to generate consistent 
estimates of the ߚ parameter. While the FMOLS estimator uses a non-parametric correction 
using ߝ௥ǡ௧ෞ  and  ? ௥ܻǡ௧ି (or ߝ௥ǡ௧ෞ  and  ? ௥ܻǡ௧ା  according to the estimated equation), the DOLS estimator 
controls for endogeneity with a parametric correction achieved by augmenting the cointegration 
relationship with leads and lags of  ? ௥ܻǡ௧ି (or leads and lags of  ? ௥ܻǡ௧ା  according to the estimated 
equation). In this paper, we retained two lags and two leads for the DOLS estimator. The 
empirical results with both methods are shown in Table 4. 
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Table 4: Estimated hidden cointegration vectors 
 Without common time 
effects subtracted out 
With common time 
effects subtracted out 
 E, FMOLS(a) E, DOLS(a) E, FMOLS(a) E, DOLS(a) 
Demeaned variable ± zero threshold   ܷା ൌ ߙ ൅ ߚ ȉ ݈ܻ݊ି -0.096** 
(-116.93) 
-0.094** 
(-124.02) 
-0.010** 
(-11.15) 
-0.010** 
(-12.26) ܷି ൌ ߙ ൅ ߚ ȉ ݈ܻ݊ା -0.082** 
(-113.19) 
-0.081** 
(-125.45) 
-0.012** 
(-18.24) 
-0.012** 
(-19.36) 
 
Demeaned variables ± nonzero threshold 
  ܷା ൌ ߙ ൅ ߚ ȉ ݈ܻ݊ି -0.069** 
(-172.29) 
-0.067** 
(-187.44) 
-0.013** 
(-16.22) 
-0.014** 
(-17.45) ܷି ൌ ߙ ൅ ߚ ȉ ݈ܻ݊ା -0.056** 
(-56.99) 
-0.052** 
(-58.48) 
-0.010** 
(-16.12) 
-0.009** 
(-16.24) 
(a) The full sample estimates of E-coefficients are computed by taking a weighted average of the individual 
estimates. Each individual E is weighted by the diagonal matrix formed by taking the square root of the precision 
matrix of the estimates for that individual. With such a weighting procedure, the coefficients and covariance 
matrix reproduce the average t-statistic, so that the averaging done in calculating the t-statistics and the average 
E-coefficients match.  
Legend: FMOLS = FMOLS estimator, DOLS = DOLS estimator; * (**) denotes significant at the 10% (5%) 
confidence level. t-statistics reported in parentheses. 
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The long-run ȕ-coefficients estimated with the FMOLS and DOLS procedures are systematically 
significant with both zero and non-zero thresholds. Moreover, taking into account common time 
effects in the estimation procedure systemically leads to lower estimated absolute values of the 
hidden cointegration vectors. Moreover, while the long-term coefficients shown in Table 4 are 
close to each other, it is important to note that when calculating the corresponding 95% 
confidence intervals
1
, it clearly appears that these intervals overlap only in the case of the hidden 
cointegration equations estimated with a zero threshold and with common time effects subtracted 
out. For all the remaining cases, the 95% confidence intervals do not overlap so that the long-run 
equilibrium impact of local regional GDP on regional unemployment is larger (in absolute terms) 
during contraction periods than during expansions. As this asymmetry is obtained with both 
FMLOS and DOLS estimators and both with and without common time effects subtracted, it 
appears to be quite robust to the choice of the estimation procedure and justifies the adoption of 
the hidden cointegration methodology in the case at hand. 
 
Empirical results obtained with demeaned variables can be interpreted as indicating that regions 
having different GDP growth rates from the average across regions also have persistently 
different unemployment rates relative to the average unemployment. Regional shocks that lead to 
regional GDP variations larger than the across regions average GDP variation lead to persistent 
regional unemployment movements which are also larger than the across region average 
unemployment variation. The presence of hidden cointegration may thus be considered as a clue 
                                                            
1
 Calculated 95% confidence intervals without common time effects subtracted out. 
x For the ܷା ൌ ߙ ൅ ߚ ȉ ݈ܻ݊ି relationship with zero threshold: ሾെ ?Ǥ ? ? ?Ǣ െ ?Ǥ ? ? ?ሿ  with FMOLS ; and ሾെ ?Ǥ ? ? ?Ǣ െ ?Ǥ ? ? ?ሿ with DOLS. 
x For the ܷା ൌ ߙ ൅ ߚ ȉ ݈ܻ݊ି relationship with non-zero threshold:  ሾെ ?Ǥ ? ? ?Ǣ െ ?Ǥ ? ? ?ሿ  with FMOLS ; and  ሾെ ?Ǥ ? ? ?Ǣ െ ?Ǥ ? ? ?ሿ with DOLS.  
x For the ܷି ൌ ߙ ൅ ߚ ȉ ݈ܻ݊ା relationship with zero threshold:  ሾെ ?Ǥ ? ? ?Ǣ െ ?Ǥ ? ? ?ሿ  with FMOLS ;  and ሾെ ?Ǥ ? ? ?Ǣ െ ?Ǥ ? ? ?ሿ with DOLS.  
x For the ܷି ൌ ߙ ൅ ߚ ȉ ݈ܻ݊ା relationship with non-zero threshold: ሾെ ?Ǥ ? ? ?Ǣ െ ?Ǥ ? ? ?ሿ  with FMOLS and ሾെ ?Ǥ ? ? ?Ǣ െ ?Ǥ ? ? ?ሿ.  
With common time effects subtracted out, the corresponding 95% intervals are  ሾെ ?Ǥ ? ? ?Ǣ െ ?Ǥ ? ? ?ሿ, ሾെ ?Ǥ ? ? ?Ǣ െ ?Ǥ ? ? ?ሿ, ሾെ ?Ǥ ? ? ?Ǣ െ ?Ǥ ? ? ?ሿ, ሾെ ?Ǥ ? ? ?Ǣ െ ?Ǥ ? ? ?ሿ, ሾെ ?Ǥ ? ? ?Ǣ െ ?Ǥ ? ? ?ሿ, ሾെ ?Ǥ ? ? ?Ǣ െ ?Ǥ ? ? ?ሿ, ሾെ ?Ǥ ? ? ?Ǣ െ ?Ǥ ? ? ?ሿ, and  ሾെ ?Ǥ ? ? ?Ǣ െ ?Ǥ ? ? ?ሿ respectively. 
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for the presence of a long-run link between regional and national ratios of GDP to 
XQHPSOR\PHQW0RUHSUHFLVHO\ZKLOHWKHWUDGLWLRQDO2NXQ¶V/DZUHODWLRQVKLSDGGUHVVHVWKH
short-run correlation between unemployment and GDP transitory movements, our result clearly 
show that this correlation also holds in the long-run at the decentralized level of regions. Various 
potential explanations such as insider/outsider models, human capital or regional mobility may 
be found in the literature for this long-run response of regional unemployment to regional GDP 
shocks.  
 
7KHVHHIIHFWVDUHDOOTXDQWLWDWLYHO\VPDOOHUWKDQWKHWUDGLWLRQDO2NXQ¶V/DZFRHIILFLHQWVREWDLQHG
in the literature for the case of countries. To interpret this, we have to keep in mind two main 
SRLQWV)LUVWWKHWUDGLWLRQDOYHUVLRQRI2NXQ¶V/DZFRQFHUns a short-run time horizon in which 
the labour market and the nominal wages are predominantly rigid, so that there is no major 
regulation of unemployment and GDP movements through labour market adjustments. In this 
case, the labour market cannot adjust. The presence of hidden cointegration relationships 
indicates that our results typically concern a long-run time horizon. As the aggregate supply 
curve is generally taken to be much less steep in the long-run than in the short run, our empirical 
results are consistent with macroeconomic theory. However, while the standard macroeconomic 
theory assumes that the long-run aggregate supply curve is vertical with no effects of short-run 
demand driven output movements on unemployment rates in the long run, Table 4 seems to show 
that the permanent effects of regional real output movements on local unemployment rates are 
low but non zero in the U.K.. The regional aggregate supply curves might thus be non-vertical in 
the U.K. Our results thus suggest that regional labour market adjustment mechanisms are not 
able to fully encapsulate the variations of unemployment rates induced by large regional GDP 
shocks. However, the initial impacts of GDP shocks on unemployment are partly dampened by 
labour market and real wages adjustments in the medium term, while only a fraction of the initial 
impact can remain in the long run. The second point concerns the fact that our sample includes 
regional data. As mobility is much more important across regions than across countries, regional 
unemployment rate movements are also partly influenced by spatial mobility. This mobility may 
thus also contribute to explain why our E-coefficients are smaller than those obtained with 
national data.  
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5.  Conclusion 
 
This paper aimed to test the existence of a long-run 2NXQ¶V/DZrelationship in the case of 
small U.K. open regional economies. A methodological novelty of the paper is that it combines a 
test of hidden cointegration with a panel data methodology. Hidden cointegration is not rejected 
by the UK data so that empirical results are consistent with a long-run equilibrium relationship 
between regional output expansions (respectively regional output contractions) and regional 
unemployment decreases (respectively regional unemployment increases). Moreover, this long-
run link appears to be asymmetric: the impact of a GDP expansion on unemployment is smaller 
in absolute value than the impact of a GDP contraction.  
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